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Army Air Forces, ?daterielCommand

. . . .. .. . .- GEKERAT,lZED.SELECTION-CHAi(TSFOR BOM13ERSPOWERED
.

BY @N!?I, TWO, FOUR, AND SIX 2000-HORSEPOWER ZHGINES

By M. J. Brevoort, G. W. Stickle, and Paul R. Hill

SUMMARY

A study has been made of the performanceof’bombers
powered by one, two, Pour, and six 2000-horsepower engines
supercb.argedto 25,000 feet. The performances are com-
puted and are based on drag coefficients about equal to
the best obtained on modern airplanas and on weight esti-
mates obtained from a study of modern Army Air Forces
airplanes.

The performancesof each type are summarized in per-
formance selection charts having coordinates of powsr
loadlng and wing loading. By placi~”ull performances
on one chart tha interrelationship of the perfomnances as
well as their dependence on power loading and w~ng loadlng
Is apparent.

The relative performances of the bombers with dif-
ferent number of engines are compared at constant power
loading, showing tha-performance trends due to varying
the number cf 2000-horsepower engines and size of the
bombers. A brief discussion of’the basic factors
creating these trends is given.

The assumptions and values of the parameters upon
which the charts are based are given in the a~pendlx.

IN’IX(IOUCTION

“ TMs paper is a continuation of the work done in
reference1 concernedwi~ththe coxqcarattveperfornanoe
that c~.be obtainedwith differentt~es of airplanes and
how this performazzceis affected by-the parameters of the
Airplnnea. This study is not intended to give a final
answer to the problem,but it shouldbe viewed as a

. .
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preliminaryattempt to relate the broad
problem and present those relationships
manner. #

The selectionof the right t~e of
procuredfor the successfulm?oseoutlon

phases of the
in a systematic

airplanes.to be
of the war is

‘m extremelyimportantend d~fficulttask. The selec-
ticm depends on many seeminglyindependentfactors thnt
are elmost impossibleto evaluateaooure.tely,such as,
the locationof the theaterof the war, the taotics to
be employed,improvementsin elrglmes, engiaes,mt+
fuels, the compar~tiveperformancethat can be obtained
with dlff’er6nttypes of airplsnea,end many other unfore-
seen f%ctor~.

The problem thus involvesaerodynamics,structures,
tactics,st~ategy,and economics. This Fnalyslsoon–
siders some aerodynamicand structuralphases of the-
problem.

Accordinglyit is beyond the province of this study
to sugge~t thr.tone airplme is superior to another for
mllitery operations, It is more likely that, when all
the aspects of the problem are given their proper weight,
esch type will be of value if it is used on missions
suited to its performance,and no type Is superioron all
missions.

This report takes up the problem of performanceas
a functionof number of engines. Systematicveriation
of parametershas been employedto make this malysis.
It has been assumed that each eirplane is designedwith
eW&l Fkill and that due allowenceIs made for the tend-
ency oi’the lsmger airplenesto submergethe bodies in
the wing.

TMs study has been besed on the best informe.tion
aveihble to the Laboratory~.tthe time of writing,but “
It is realized that in many ways the jnformetionis not
oompleteor In a form that mn be applied to the problem
and, therefore,the study shouldbe continuedto incor-
porate new and more completeinformationas it becomes
avallsble.

The comperetlveperformnoe of Pirplaneshaving
M.f’ferentnumber of engines Is difficultto evaluatefrom
the performanceof existingairplenesbecause the various
types have widely differentoharacteristica,such as,
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enginesof different
load-, and V8~~

- .—-.

power, dlff’arentvalues of wing
degreesof aerodynamicrefinement.

..-,

I? one were eble to design a series of’ airplanes
having from one to SIX enginesof the same size so that
eaoh airplanehad the same wing and power I.oadlng,the
seineaerodynemlorefinement,the same ratio of bonibload
to gross loed, then the relativeperformanceof these air-
planes would give the answer. Suoh an experiment Is ~no
expensive and too time-oonsuml&gto be practloable,
f’~.ct by the time the largestairplanewas f’lnished,
small alrpi.aneswith larger engines and aerodxo im-
provements would have been built md the whole picture
would again be In a confused state. I

Due to the dlfflmlt nature of the problem the most
praotibablenethod of attack is first by an anaiysls
making systematicassumptionsof weights,drags, and
equipmentIn order to get a broad generalpicture. !!%1s
report is the first part of the problemwhere the general
picture Is presentedIn the f~rm.of chartsbased on
systematicasaumpttons.

Aerodynamicand structuraltests of models are the
most logical extensionof thj.sinvestigation. Results
of’such-testsshouldbe
tlon charts to show the

cl
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used In oonnec~ionwtth new selec-
perlhmmanoeof’futuwe airplanes.

SYMBOLS

ooeffiolentmultiplyingthe distributedload to
give the effectivedistributedload

lift coefficientat take-off

parasftedrag coefficient

effective frontel area of the bodies on an air-
plane, square feet

load factor “

dimensionlessoonstant

llft+m+lrag Patio .

aspeot ratio
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s v~ng aree,,.square“feet,

t root wing thl”cknessdividedby root chord

w“ gross weight of alrplame,pounds

WI wing weight,cpounds

‘2 distributed weight on

PRESENTATION

the wing, pounds

OF CHARTS

I

Charts showing the performancetrends in renge,
speed, rate of clhib, md take-offdistenceplotted on
the coordinatesof power”loadingand wing loeding e.re
given in figure 1. Each point on these charts defines
a completeand consistentairplane. ‘Theaerodynamic
and structuralparametershme been varied in e con-
sistentmanner so that the ~lrplmes have equel load
factors,wing thichess rat:o, aspect mtio, propeller “
efficiency, and aerodynamic cleanness. These ch~rts
show performancesthat are aerodynamicallynnd struc-
turallyconsistentwith the best alrplenes that can be
produced at the present time. The airplanes~re all .
poweredwith 2000+orsepower engines superctw.rgedto
25,000 feet altitude, The speed curves are calculated
at 2!j,000feet altitudeand the rmge, rate of’climb,
and take-offdistance curves are calculatedat sea
level. (See the appendix.)

Figure l(a) cpplles to slngle+nglne bombers;
figure l(b) to two-engtiebombers; figure l(c) to four-
englnebombers; and figure l(d) to six-enginebombers.
By the use of these charts it is possible to determine
the general trend in performancesas affectedby the “
number of engines. Comparisonsfor a few specialcases
where the take+ff distance1s fixed at 3000 feet are
given in figures 2, 3, and 4.

Separate charts for each performancecharacteristic
are given in figures 5-9. The performance cm be read
from these with greateraccuracy than from the comPoslte .
selectionchmts of figure 1. Included in this group
are charts giving the maximum Lfi, and charts giving
the structuralweights and carryingcapacityof gasoline, .
oil, and bombs.
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Comparisonof’the performanceof the bombers.with .“
one, two, four,”md six,en@nes--ki%“nkdeat a take-off ~
distanceof 3000 feet. For a given power loading.thp
wing loading is seleotedto give this:te.ke-of’fdistance
md is the same for ee.chtype, so that, in red%ty, the
comparisonIs also made at constantpower loadingand
oonstantwing loading;” ‘ . ..

Flguro 2(R) gives the maxlmnunromge of bombers with . “
“.

one, tWQj four, ma aix 200Whorsepower engtiesIuQvinga - .
tdce+ff distanceof 3000 feet snd carryingno bomb load.
Figure 2(b) is similar to figure 2(a) except tkt part-of
the fuel is displacedby bomb loads. The”bomb l~ads ore
proportionedaccordingto me relativeweight md power .
of the differenttypes. More specifically,the ratio of
bomb loe.dto horsepoweris 1.25. Magnitudesof bomb
load are indicptedon the,figures.

Both figures give the same rmge trends. This
simply shows that the magnitudeof the bomb loads is an
unimportantfactor In the comparisonss long as they are
distributedin a fair mnnner. The greatestrange ob-
tained in the investigationis obtainedwith a four- ,
enginebomber at the htghest power loadtng, V/P = 25.
At e power loading between 20 and 25 the four- end
six-engine bombers are eqwl. Below this the slx-eng~ne
bombers have the gre~testrange of the series. The
maximum rsnge of the two-enginebombers will be found to
averageabout 85 percent of’the range of the four-engine
bombers over the renge of power loading investigated.

Figure 3 shows the high speedsat a wing loading
giving a 3000-foottake~ff distance. A o~p~~ng
of six, which 1~ representativeof pursul? is
includedas a lower limit; At end below power load&gs ‘
of 6 ~d 10, the single-engfiaairplaneis faster than
the two+ngine airplanes. At higher power loadings,the
speed continuouslyIncreaseswith an increasein the n-
ber of enginesresultingin a differencein speedbetween
the two- and six-enginebombers of from 6 to 10 percent.
The relationbetween the single-and two-enginebombers
u.y also be observedby.comparingfigure 6(.43),and fig- . ~
we 7(a). There is a greater spreadbetween the curves .
of constantspeed on”the two+ngine boniber,the two-
enginebomber being faster at high power IoDding and the
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EJlngle-engineboniberfaster at low. This is because of
the nmelle drag at low powpr loads, and at high power
loadingthe nacelles are more submergedin the Wngs,

It is also possible to make the comparisonsshowing
the range of the differenttypes ~.tthe optimumwing
loadingfor range and the speed at the optimumwing
loadlngfor speed. However, this basis of comparison “
is inconsistentIn that dlf’ferentwing loadingsme used
in the range and speed comparison. Also the differences
In range and speed obtainedby this method over that
obtainedat constant take-off’distanceis found to be
trlvicland the trends of rmge and speed with respect
to number of engines is practicallyIdentioal.

Fi~e u(a) shows the rates of’cllmb for airplanes
with a 3000<oot take+ff distance. There is no impor-
tant variationIn rate of climb with number of’engines.

PARAMETERSAFFECTINGPERFORMANCE TRENDS

One effeot of Increasingthe number of engines is to
more nearly distributethe weight of’ the power plants
over the wing span thus tendingto lighten the wing struo-
ture. However, this does not turn out to be the faotor
controllingwing weight, as wIII be pointed out.

For reesonabl~proportionedairplaneslerge Increeses
in gross weight and size accompenylarge increasesin
power. This gives rise to scale effeotswhich hnve em
Importenteffect on performance. There is a tendencyfor
certainweights, suoh as. crew and equipment,instruments,
and armament~toincreasemuch less rapidly than the gross
weight, thus giving the largerbomber considerablead-
vantage. Also the larger airplane tends to submerge the
nacellesand fuselage to a much greaterextent. As the
scale Increasesthese factors tend to Increase the range.
However,es the airplaneand the airplanewing become
larger,a greater thicknessof material is required to
resist the bending stressesand the greater thicknessof
the wing makes necessary a greaterweight of intersurf’ace
structuralmembers. This factor,rcther than the greeter
distributionof engine weight over the span, is the con-
trollingfactor in wing wel@t. As e.restit the mlt
wing weight inoreaseswith scale. This factor eventually
overcomesthe favorable effeotsof’scale, and an optimum
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is reaohed beyond which range Is deobeased. These ob-
sp?y@~lons aye _f’orairplanes of a conventional I’om and
may be considerablyupset by flying wing or other types.

The greater speed of the largerbombers Is due to
the relativelysmallerfuselageson the large bcmbers
and a greo,terdegree of submergjmgthe fuselageend .
nacelles in the wings. .

The power to fly”theairplaneh olj.nib”(exolusiveof
ollnitd.ngpower) varies with the fourth root of the air-
plane drag ooeffiaientand Inverselywith the aspeot
ratio to the thretiourths power. Since the vnriation
of wag coefficientIs not large, tie relative differences
after taking the fourth root are quite small. Conse-
quently, the rate of climb at R given power loading wing
loading,and aspect ratio sre almost equal, as may ~e ob-
served for the bombers of twos three,and four engines.
The drop In rate of ollmb of the shgle~nglne boriberIs.
principallydue to its lower aspect ratio. Thuti,for “
airplsnesof the same power loading,wing loadtig,aspect
ratld, and propellerefficiencythe rntes of climb should
be substantiallyequal even though mere exists a dif-
ference in degree of ~erodynamio cleanliness.

Take+ff distancehas been assumed to be completely
a functionof power loadingand wing loading,and no vm?i-
ation of take-offdtstancewfth number of enginesis
shown.

IIiLUSTRATIONOF SEIECTIO~CHARTS

In the norml use of a seleotionchart the Interested
party probablyhas a definite,preconceivedIdea of the
t~e of mission, the desirednumber of engines,end the
desired performame. The use of the performanceseleo-
tion chart Is to ohoose the most satlsfaotoryoomblnatdon
of performancesfor the ~ of mission for whleh the
bomber Is intendedand at the same time to determinethe
proper power lotidlngand wjng loadlng. However, in order
to Inspeot the selectioncharts for one-, two-, four-j
snd slx+mgine bombers let us asstie a set of minimum
performancefigures an~ ftid the type most nearly sat-
isfying the specifioattons.

Let It be required to seleotan airplanewith these
“ requirements:maxm range of 8000 miles wtth a ratio
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of bomb load
of ~OO”mlles
tude, a rete

to horsepowerequal to 0.625, a hl@-’speed
per hour with full load at 25,000 feet dti-
of climb at sea level of 1000 feet per

minute,and a take-offdistancenot to exoeed 2000 feet.
. .

The seleottonohart for the slngle&ngine bomber
(figure4(a)) shows the 8000+l~ange curve fall- to
Interseotthe 300+nil~er+our speed curve by a.wide
margin. Airplanes definedby power and wing londingsIn
the area above and within the aro of the”.8000-mi).&range
ourve have ranges above the minimum renge“requirement.
Only alrplenesonor In the area below the 300+le~er”-
hour speed curve have speedg equal to or in excess of
300 tiles per hour. Hence although the single-engine”
bomber can have either en 8000+le range or e.300+nil*
petio~ high speed,‘agiven airpbne cannot have both.

The selectlonohart for tw~glne bombers shows
the 800()+l~ange ourve does not quite interseotthe
300+lil@ez=hour speed ourve and just fs.il,sto intersect
the 1000-foo~er-mlnute+llmb ourve so that the twd-
enginebomber falls by a narrow f.ue.rginto fulfill the re-
quirementsset up. If “themaximum rangerequirementwere
but 7~00 miles, the speed, take+ff, .andclimb require-
ments remaining the same, a two-enginebomber would be
satisfactory. It is interestingto note that in“this
ease only the two-engineboxber with a power loading of
15.6 and wing loading of 37 fulfillsthe requirements.

Referring to the selectionchcrts for the fou&engine
bombers, figure 4(o)? area above the 800G+nib+range c~’ve
satisfiesthe range requirement;arec below the 300-mile-
per-hourspeed curve satisfiesthe speed requirement;
=ea to the left of the 2000-foottake+ff curve satisfies

“the tak=f f requirement,and area below the 1000<oo%
per+nlnute+limb ourve satisfiesthe ollmb requirement.
A’small area bounded by the range, speed, take-off’,and
climb curves just referred to representsbombers satis-
fying all of the specifiedrequirementsand is Ind?.cated
by heavied lines “onthe chart. The four-enginebomber
:should.have a power loading of 15 or 16 pounds per
horsepowerand a wing loadlngof about 35 pounds per
square foot:

. Refemlng to the.selectionchart for six-e&i.ne
bombers, figure 4(d), we note that an ~.ea similar to -
that found satisfactoryon the fogr-enginebotier chart
also exlsts”on”.th~slx+mgine chart and ful.fillsthe... . . . . . ... . . . .. .

.
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specifications. In fact the same power loadingand wing
loadingseme found to be se,tlsfaotory.

Aerodynamicallythe four and qlx~lne botiers we
equal h this example,and the choicebetween them must
be made on some basis other than e.erodynamlc.

It must be emphasizedthat the assumed specif’ioa-
tions are merely for illustrationand thereforeno
clalms are made for the particularanswers of power
loadingand wing loadlng obtained.

“An Inspeotlonof the selectionoharts shows that the
optimumwing loadlngfor range and also for speed ln-
oreaseswith the number of engines. These effectsare
mainly due to the changesof structuralweight and speeds
with changes of scale althou@ they may be oolored some-
what by the simplifyingassumptionsmade In the analysis.

EFBZCT OF

It frequentlyhappens
the design of an airplane,

0VDRLOADIM(3

that there is reason to revise
to IncreaseIts gasollne “

carryingca~city, or otherwiseto Increaseits weight.
The gross weight of the airplaneIs Increased while the
wing area remains constant, This procedure Is similar
to a practice referred to as “overloading,” although In
our case we shell nssume that the structure is suitably
strengthened for the extra load. If the gross load Is
Inorensed the incre~se in range may be thought of as due
to the increaseIn power loading; the increase of wing
loadingis merely one of the results of the process. It
Is readily shown that airplaneswith an initiallylow wing
loadlngare far more adaptableto overloadingthen those
with ah Inltlallyhigh wing loading.

For exmnple,on the two-enginebomber selection
chart, figure 4(b), let us choose two bombers, one with
a power loadlng and wing loadlng of 10 and 25 and the
other with a power loading and wing loading of 10 and 60,

-representedby points A and B on the @art. Let It be
desired to increasethe disposableload and other weights
until the gross weights are increasedfrom ~,000 to
60,000 pounds, thus incre~,singthe power loadingsin each
case to 15 pounds per horsepower. Because wing area and
power are constantthe InoreasesIn power loading and

b

— —— —— .— —— .— .. . . .—— —— —.—
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100a@ the revised alrpknes 8t.At
radiatl~ ,.from the”origlh,”passing
The initMl -d ftia~”p’erf’ormances

.BqmberA, ..

W/PW/S_ T- Spee@Cltmb Wp .l?/s
off” “ “

10 254700 @Xl 320 2250 10 60.
15 .3772001900..305 1150 15 go

~d.B? on Hnes-
thl?ou@”A“:”ad.B#-
are t@nilat-6dlk16w.. .... . .-

,
.BauiberB. ,-

ti .T~ ~ed” cl~~”.“’”
‘off “ ‘ ‘“. . .1 . . .

. .

4700 2300 360 laoo
6400.6000“ 3.15.p ...

Line k-11~is:practicallyperpendlcul.ar,*O.the.range”...
~urves,angles obliquelyto the take-offcurves, -d is-~
almost par&llel to the speed cuzzvea.“As a result the
range increaa 6s rapidly while the take-offand speed are:
not affeotedvery rapidly. The Mne &S! runs obliquely
with respeot to the range and almost perpendicularto the
take-offcurves; as a result we approacha point where it
is impossibleto Improve the range and the take~ff dis-
.taqc~~noreasesfar too rapidly. An.Illus.tqationcould
be cited of a popular.bomber origlnaQy,designedWtm a....
low powei?and wing loading,which.li&.shad the gro.s.s.y@@t
greatly increasedwith very satisfactoryresults,,Other&
originallydesignedwith a higlhwing loading =e quite .
rept~lcte”din increasingthe gross weight,

..’ .-

LIMITATIONSOF THE -S1S . . ‘ “ “

‘Range“Isgreatly deperidenton the ratio of ~fixedm-d
struotiu?~weights to”grossweight because th+s“ratiohas
a direot bearing on the amount of fuel which can be
carried. It follows.thatthe relativertmge merits o’f “
the several types depends on the magnitudesof thefixed
weights chosen as representativefon the di$ferenttypes
tid on the load factors“forvariousloading condltlo~s.
Both speed and range are dependenton the relativp size
of the fuselagesend the.degree.towhloh the fusekge :
and nacelles &e submergedb the wW. Tt&efm?e;-for
airplan6swith fixed weights,“loadf’a;tors~and efkeotive
frontalareas varying in a differentmanner frQm those,.,
. . .’
. . .. ..... .... ...
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ohosen for this analysisit must be expeetec!lthat the “
perf’ormanoetrendswill be modlf’iedaooordingly.

LangleyMemorialAeronauticalLaboratow,
NationalAdvisory C-ttee for Aero~utloss

Dangley Field, Va., July 6, 1942..

.

●
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Power Plants

The bombers are all powered by 2000-horsepower en-
gtnes. It is assumed that each requires a nacelIe pro-
jected frontal area of 25 square feet for adequate housing
and the admission of all cooling air. Weight estimates
.are made to Include all auxlllary equipment necessary for
full power operation to 25,000 feet. The curves of
minimum specific fuel consumption and engine rpm for
operation at minimum specific fuel.consumption are given
in figure 10.

Drags

Drag coefficients are taken to give parasite drags
approximately equivalent to the parasite drag of modern
Air Force airplanes. me drag coefficient of the wing
and tail based on wing area is 0.0120 and of the fuselage
and nacelles Is 0.12 based on effective frontal area.
The effective frontal area is the actual frontal area
less an allowance made because the fuselage and nacelles
are not complete bodies, but are partially submerged i.n
the wing. The effective fuselage area for a given
family of airplanes is taken to vary with the 2/3 power
of the gross weight. The valu9s of effective fuselage
and total effective nacelle frontal area for the sevaral
families of bombers and the manner in which they are
assumed to vary with the gross weight is given in fig-
ure 11. Of two bombers with the same gross weight and
different number of engines, the bomber with the larger
number of engines has the smaller fuselage since more of
the weight is in the nacelles.

‘l?l’@total parasite drag coefficient of the bombers
may be expressed by two terms representing the wing plus
tail, and the fuselage plus nac~lles as follows:

CDO = 0.0120 + Oa12 F/S

F represents the effective frontal area of fuselage plus
nacelles and S the wing area.

An addition to the parasite and ideal induced drag
with increasing lift coefficient is assumed and expressed
as an increase in the induced drag of an elliptical wing.
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Thus, the expressionfor.induceddrag Is dlvldedby a
“span factor”as in the equation

. . D= CDO qS + (Wfi)2/e q ,... . . .

f
The value of e Is taken as 0.8 In this analysis.

Propeller Efficiency and Cooling Power

It-was assumed that a propel~er efficiency’of
85 percent could be reall.zed. In order to simplify the
performance computations, lt 1s assumed that cioollng
poweq.ls proportional to brake power. This assumption
makes it possible to take account of the cooling losses
by an.equivalent reduotlon of the propeller”efficlenoy.
Five peroent of the brake power was allbwed for cooling,
giting an effective propeller efficiency of 80 percent.
~is value was used in all performance calculations.
In order to make a constant value of 80 percent effect-
ive propeller efficiency applicable to the range calcu-
lations for the conditlon”of maximum Lfi and minimum
spectfic fuel consumption, it was necessary to make these
computations at sea level.

Aspect Ratio ..

The variation of range is not critical with con-
siderable variation of aspect ratio. A value of 12
has been used throughout the charts for the two-, four-,
and six-engine bombers, while a value of 9 has been used
for the single-engine bombers.

Load”Factor
.

A design load factor of 4.with a 2000-pound bomb
l“oadhas been used for this analysis. TMs is suffi-
cient to protect against a standard gust of ~0 feetiper
second. Very modest maneuverability is afforded-by this
“load factor.

...
Wing Thickness

...
A 20-percent wing-thickness ratio at the rout-chord

was used for all the airplanes. ~iS whg iS th-fck
enough to
enough to
bility at

keep the wing weight reasonable fiutnot thick
cause a high drag or to experience compressi-
maximum speed.

. .
-.O

.
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Weight s “
. .

After a study of’Air Forces alrpianes, it was aa-
sumed that:

1. Fuselage weight is 8 percent of airplane gross
weight.

2, .Landing-gear weight is 6 percent of airplane
gross weight.

39 Tail weight is 10 p9rcent of wing weight.

4. O!hereare certain fixed weights which vary WIth
the gross weight as In the following table:

Fixed Weights

Type Gross Engines -W and Instruments Guns and
weight andacosss.equipmmt and f’h.equip. armor

Single- i5,000 4500

4500
4500
4500

y)oo

9000
9000
9000

18,000

li3,200
Ml, ::
#ii

27,000

27,300
2 ,750
82 ,200

800 1500
engine
Do----- 25,000
Do----- 37,500
Do----- 50,000

Two- 30,000
engine
Do----- 50,000
Do----- 75#000
Do----- 100,000

. Four- 60,000
engine
120-----100,000
Do----- 150,000
Do----- 200,000

six- 90,000
engine
Do----- lpo,000
Do----- 225,000
Do----- ~oo,000

1000
1200
1200

500
600
600

2000
2500
3000

1200 500

600

z
00
00

2570

f
-300
tooo

1600 700 2500

8G0
900
1000

2000
2000
2000

?
300
+lOo
5000

1800 000 2800

2000
“2000
2200

?00
1000
1100

5* ‘Xeightof fuel system equals 0.55 pound per
gallon of gasolin9.

6. Weight of lubricating system equals 1.25 pounds
per gallon of oil.



,.

15

Sufficienttankageweight“isincludedto obtainmaximum
range with no bomb load. The tanks are assumed to be
carried In tb.ewings. . .

Figure”12 1s a ch&?t showf~ the.”variationof the
fixed weights.. These weights are the weight of crew
and their equipment,instruments,andcertain fixed
equipment,armamentand armor, The chart shows the
variationof these weightsmore readily than does the
table. The general trend is for the increasein fixed
weights to become less rapid with Increasinggross
welghtm“ This followssince there is not much point to
lnoreasi~.the weight of instrumentsand the mew numbers
beyond a certainamount and the need for an increasein
the amount of armamentwith Increasingbomber weight
tapers off once all rlbl~diispots haw been eliminated.
The fact that a bomber with fewer engines than another
of the same gross weight is assigned a larger fixed
weight may be justified on the premise that it Is con-
siderably slower and therefore needs more defensive
armament.

Wing Weight

Wing weight Is detemnined by considerations of
strength. An expression equating the Internal re-
sisting moment to the external bendine moment at the
center section gives the followlng relationship:

w- (Clwz + WI)
K=

~ fR3/2 S1/2
W1 t

where K Is a dimensionless constant dependent upon:

1. The distribution of lift along the span.

2. The strength weight ratio o#’the material used
In the construction of the wing.

39 The perfection of the design as an efficient
weight to strength beam. The higher the K,
the more efficient the beam as a welght-
carrying structure.

For simple loading conditions,such as those for pursuit “
airplaneswhere nearly all of the load 1s concentrated
in the fiselage,it Is to be expectedthat a value
of c1 = O would approximatethe loading condition.

---- .—.-
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For multlenglne bombers, where a large portion of the
load is distributed along the wing, a value of Cl
between 0.5 and unity would be expected to approxhate
the loading condition. For the purpose of this analysts
a value of K s 100,000 was used. A value of Cl .
equal to 0.85 was used for the four- and six-engine
bombers and Cl equal to 0.75 for the single- and two-
englne bombers. To solve this equation for wing weight
ff the value of the load to be oarrled in the wing Is as
yet unknown, W2 may be convenientlyexpressedas the
gross weight less the weight of the fuselageand the
wefght”carriedby the fuselage (Includingthe tail sur-
faces),less the wing weight.
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1; Brevoort,Maurice t.; Stiokle,George W., and

Hill, Paul R.: GeneraXlzedSeleotlonCharts for
BombersWith Four.200Horsepower Engines.+. WA MR, ~ II, 19~12.
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